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SUMMARY.

Summarised, the chief results embodied in this paper are—
1. Load factor fas per definition, page ) 8*16 %
2. Loss in distribution 25*4 7
3. Average lighting hours per annum 714
4. Coal bill per unit sold 21-074 lbs.
5. Water = 107-5 + 10% for water deducted for

efficiency results ... ... ... ... 118-2
6. Pounds of water evaporated per pound of coal,

banking, &c, inclusive ... ... ... 5*1 lbs.
7. Water consumption per I.H.P.-hour 27-91 lbs.
8. Engine and dynamo average efficiency ... ... 46-6 °/o

GENERAL CONCLUSIONS.

Much discussion has taken place on the merits of the various
methods of supply. We have had to consider the matter from a
purely commercial point of view, having regard only to giving an
efficient service, atjjthe least cost, and quite without prejudice in
favour of any particular system or mode of working.

That the results have been obtained by the use of separate
transformers in the consumers' premises, without a secondary
network, by machinery constantly running, with no storage
except the coal heap, gives some ground for believing that in
alternating-current distribution there exists a means of supplying
the public with electric energy, and of meeting Parliamentary and
other obligations, at a price which is satisfactory to the public, and
affords investors a reasonable interest on their capital.

It may be stated to those interested in sub-transformer
station distribution that the average losses in direct distribution
over this year have been reduced from 25*4 per cent, to 20-5 per
cent., and as the load increases it is hoped that farther reduc-
tions will take place. Also, the cost of the unit sold equals
2-51 pence, which includes all charges.

Mr. E. E. CI*OMPTON : The authors' paper is a welcome addition Mr

to our stock of data, as it gives us for the first time a fair idea of the Cromi)ton-
actual cost of producing and distributing electrical energy by the
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from iton 'Jei^ auc^ m o s^ m°dern forms of alternating plant. The first point
that occurs to me is that the method of calculating the efficiency
of distribution is open to doubt. I think Dr. Fleming, or any of
our highest authorities on this subject, will agree with me that
the station output in units generated cannot be obtained by
multiplying together the virtual volts and virtual amperes, as has
been done in the paper. I am sure that the 25 per cent, loss in
distribution given in the paper is too low a figure—that is to say,
if it includes all losses in the consumers' meters as well as the use
of electricity by the company itself. My criticism on this point
will not, however, affect my subsequent remarks, as I am glad to
see that the authors have very properly taken out all the costs at
per unit sold. Turning to these, I do not propose to discuss the
two items of repairs and general charges, although I congratulate
the authors on their being able to reduce them to the low figure
given ; but these figures are no criterion as to what they will be
in the future, and, moreover, cannot be easily brought in comparison
with corresponding charges of other companies employing similar
or different systems. The costs, however, which are of great
interest and can be usefully discussed, are those relating to fuel,
water and petty stores, labour and superintendence. The authors
have been at great pains to supply us with the means of making
a comparison between the coal duty given in the paper and that
of the London supply companies, who have for some time been
publishing their results. I think, however, that they may have
saved themselves the trouble of supplying us with the analysis of
the fuel, as, after all, they themselves give a far better means of
comparison, namely, in the consumption of water used per unit
sold : they give this at 107-8 lbs.

I find, on turning to the accounts of several companies with
which I am connected, that 60 lbs. per unit sold is fairly represen-
tative of the consumption of water by the best London companies
using the direct current, and that with the boilers used in
London 8*2 lbs. of Welsh coal, costing 24s. a ton, was used to
evaporate this quantity of water. The cost for coal in London,
therefore, may be taken at l*06d. per unit sold; and if the
Xewcastle figure be increased in the proportion of 60 to 107*8,



1892.] DISCUSSION 491

it makes the Newcastle figure l#88d. I can now fill in the Mr
° Cr

remaining figures, so that you may have them before you for
purposes of comparison.

LONDON COMPANIES. NEWCASTLE COMPANY
(Direct Current.) (Alternating.)

Lbs. of water per unit sold ... 60 ... 107*8
„ coal „ „ ... 8-2 ... 14-6

Costs. Costs.

Coal, at 24s l-06d. ... 1-88
Oil, petty stores, and water... 0-17 ... 0-219
Labour and superintendence 1*10 ... 1-10

2-33 ... 3-20

These comparative figures show that the system used at New-
castle costs 40 per cent, more than the direct system used in
London. If the comparison errs at all, it errs in being rather too
favourable to the Newcastle system, especially under the heading
of" Labour and superintendence." I am by no means satisfied that
the figure I*Id. per unit for all labour and supervision is a
sufficient one. The sum expended inside the station apparently
is ^830, equal to about £16 15s. a week. The authors state that
this sum is divided between superintendence and the wages of
three shifts of men. In whatever way it is divided, it will be
seen that it leaves a very trifling sum as the cost of superin-
tendence ; whereas the London figures, being for only two shifts
of men instead of three, allow of good wages to be paid, and a
fair margin for well-paid supervision. I do not even hint that
these figures are incorrect, but simply that, as during the earlier
stages of a supply company it is so easy for the engineering
staff employed to charge a large proportion of their time on to
construction of works, this cost of supervision is apt to be
a misleading one. I think there is little doubt that future and
more correct comparisons will show that the Newcastle figures
for the above items will be from 50 to 60 per cent, higher than
the corresponding London ones.

Whether this increased cost of production can be wholly or
partially compensated for by the reduced first cost of the plant
on the alternating system, I cannot say. The figures the authors
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Mr. give as the capital cost per lamp cannot fairly be compared with
Orompton. ° r s: r

the corresponding figures of the London companies, who have,
owing to special circumstances, been compelled to lay nearly the
whole of their distribution system over very large compulsory
areas. The London companies have had to pay in the first
instance the full cost of sites and expensive buildings. I have
had considerable experience in examining projects and estimates
for the supply of plant on both alternating and direct systems,
and even in cases where the area has been a very extended one
I have found that the first cost of the alternating system shows
little or no saving over that of the direct system. I think that
the paper shows as beyond doubt that up to the present the
ivorking cost of the alternating system, under the most favourable
circumstances, cannot compare in economy with that of the
direct system; and the reasons are not far to seek.

First, the efficiency of the alternating plant as generating
plant is inferior to that of the direct-current plant. The authors
quoted a statement from my paper read before the Institution of
Civil Engineers, in which I gave the net generating efficiency
of direct-current plant; that is to say, the E.H.P. generated
reaches 84 per cent, of the I.H.P. of the engines. This efficiency
is now frequently surpassed, as I have under my own charge plant
made by Siemens Brothers that when tested gave, and now in
regular working continues to give, an efficiency of 87 per cent.,
and the actual working cost of this plant is far below the figures
that I have given for last year's working.

Turning now to the load factor question, the fraction,
244,470 x 1,000 x 100

342}Ooo x 8,760 = 8*1 6 P e r c e n t >
is wrong; the denominator should be the greatest load in watts
observed, multiplied by 8,760. This greatest load is not actually
given in the paper, but it can be inferred from the authors'
remark that it was 45 per cent, of 431,000 watts: this is equal
to 195,000 watts. The fraction should, therefore, be,

244,470 x 1,000 x 100
1 9 5 > 0 0 0 x 8 ? 7 6 Q = 14-2 per cent.,

which is rather a better load factor than we find in most parts of
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London, and which explains the fairly high income earned per Mr.
x J ° Croinpton.

lamp in spite of the low price charged per unit.
Mr. J. F. ALBRIGHT : I have made one or two notes on the Mr.

subject of this paper. Of course Mr. Crompton has completely
taken the wind out of my sails on all technical points, which
are not my forte at any time. But one or two points occur to
me on general grounds. It appears to me we have learnt one
thing very prominently from this paper: not only is coal dirt
cheap in Newcastle, but superintendence also is to be got for
nothing; because, as far as I can see, taking the labour and
supervision charges, which are put down at 0*8163 of a penny
per unit, and allowing less for wages of assistants than Mr.
Crompton has allowed—in fact, allowing what I believe is most
likely to be actually paid—there would be left £100 per year for
superintendence. Well, if the supply company can get the
services of a gentleman who can deal with figures in the masterly
way they have been dealt with in this paper for £100 per annum,
they are extremely fortunate. Then there are some details in
regard to this paper more matters of interest than criticism.
I notice that at Newcastle the unit is sold for 4£d., and the
lamps are taken as 30-watt lamps; if my figures are right,
each 30-watt lamp in Newcastle yields a gross revenue to the
company of 8s. 3d. Well, now, in London, the hardly used con-
sumer who bemoans his lot because he has to pay 8d. per unit,
pays practically 8s. 6d. or thereabouts for a 33-watt lamp; in
other words, the average price in London at present is the same
as in Newcastle, and this in spite of higher rents, and of the
fact that coal is costing us in London about four times as much
as in Newcastle. I believe this rather curious fact points to an
explanation of the unusually favourable position of this particular
company—namely, that they have been able to pick out the
plums of their district, and get hold of the "long-hour cus-
" tomers." Whether this favourable condition will continue when
the short-hour customers come on more extensively, remains to
be seen. I think we ought to thank the authors for having put
such a lucid paper before us.

Mr. W. H. PREECE : I think it would only be fair, as represen- Mr. Preco«
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Mr. Preece. tative of one of the largest clients of this company in Newcastle,
that I should say this—that during the whole time the current
has been supplied to the Post Office at Newcastle, it has given the
very greatest satisfaction. It is quite impossible for the light to
behave steadier and better, and it is my experience everywhere,
where you are dependent upon the alternating-current system,
that your E.M.F. is more constant than it is with any direct-
current system. I think that the criticism that Mr. Crompton
has passed on this paper is both just and generous; but at the
same time it reminds me very much of the attempt of a critic to
criticise the play of " Hamlet" when the character of Hamlet is
left entirely out. Now I do not know whether it has struck the
audience as the paper was being read, as it struck me, that one of
the most startling and one of the strangest parts of this paper is,
not the cost of working, but the capital expenditure. Now
it is said here that the capital expenditure amounts to
about £50 per kilowatt: that runs out at a capital expenditure,
of something under £2—in fact, about 30s.—per lamp. That is
a capital expenditure which is less than the capital expenditure
in London on the mains alone of some of these low-pressure
systems. Now, gentlemen, my experience is this—that if you
examine the reports of these companies that have extended
electric lighting over the metropolis and over other parts of the
country, you will find that in some cases the capital expenditure
averages from £5 to £6 per 8-C.P. lamp; whereas, if you examine
this report, you will find that it comes out at 30s. per lamp. That
means this : if you establish a system over a place like Newcastle
at one-third the capital expenditure, you can afford to work it at
twice the cost, and even then you find you have an ample margin
to pay a very handsome dividend to your shareholders. Again,
another feature connected with this system in Newcastle—a
feature often ignored—is the fact that you are able to extend your
system to great distances: the paper says to a distance of
2£ miles. Now, is that done on any low-pressure system in
London ? And, again, it has also been pointed out that by this
system you are able to extend your pioneer system over a very
large area at a very small cost, and you are able to accommodate
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scattered clients in different parts of a great district at an Ml. Pl.eece.
expenditure averaging less than £2 per lamp. I quite agree with
Mr. Crompton that we are deeply indebted to these gentlemen for
having the courage of their convictions, and for their honesty of
purpose in bringing before us authentic facts and figures; anc1 T
think we must look at these figures from all sides, and not alone
from the mere question of cost of working expenditure. The
information in this paper on capital expenditure is meagre : we
are simply told it amounts to about £50 per kilowatt. If either
of the authors would favour us with some details of that expendi-
ture, and show us how much is devoted to building, how much to
steam machinery and dynamos, and how much to distribution and
to mains, they will confer an additional favour upon us, and
enable us to criticise them in the same just spirit which I hope we
shall do during the whole evening.

Sir DAVID SALOMONS : As you know, I am interested now in sir D
•* Salomons.

one of the largest undertakings in London—that of lighting the
City—and the cost of working I hope at a future date to bring
before you, I think, if a report of this paper were to get into
the journals of to-morrow, Londoners would at once cry out, " In
"Newcastle people get the current for 4^d., while here we have to
u pay 8d." I would point this circumstance out—not in the way
of criticising the paper, but merely to state the fact—that in
reality the people of London are paying less for their current than
those in Newcastle. To obtain a fair comparison, you must
compare your electric light bill with what gas, candles, and oil
were before the new light was adopted. You must not lose sight
of the fact that gas is Is. lOd. per thousand feet in Newcastle,
but in London it is something like 3s. 4d.; and if you work it out
to get the equivalent values, Londoners will find that the
Newcastle station in London would have to charge 9d. per B.T.U.,
whereas the actual price is 8d. This fact must not be lost sight
of, independently of the questions which might arise as to whether
the continuous or alternating current is most efficient. I am very
much with Mr. Crompton in favour of the continuous current,
and I disagree with Mr. Preece that the alternating current is more
steady than the direct, although in Newcastle it may be extremely
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I can answer for this fact—that the London Electric used
to supply me in London, and it was most irregular; and now that
the Westminster Electric supply me, the current could not be
better, and only varies 1 per cent, over the whole day, and it has
not been cut off, excepting once for half an hour by an accident,
for a year and two months. It will be most interesting eventually
to have the figures of alternating and direct systems compared,
and I think the figures of the City of London will be of enormous
interest. There are 8,000 or 9,000 lamps on already, and before
October there will be over 30,000, and after that time the figures
will be sufficiently accurate and the engines sufficiently loaded to
obtain results which will be of value. Besides these incandescent
lamps, there will be 400 or 500 arc lamps running. The statistics
to be obtained at a later period will have an especial interest on
account of this company having started with the large experience
gained by its predecessors.

Mr Mordey. ]\^r# \y# ]yj MOEDEY : I did not wish to occupy any time this
evening; I wanted the low-pressure people to have plenty of
rope. Really, it is a paper on which I have nothing to say except
in commendation. I agree with nearly everything done at
Newcastle; but as you have been good enough to call upon me,
there are one or two things which have arisen in the discussion
to which I should like to refer, if I may be allowed to do so. As
to the method of measuring criticised by Mr. Crompton: The
volts have been multiplied by the amperes. That, I know, is a
dreadful sin. There ought to be a new commandment, " Thou
" shalt not multiply the volts by the amperes." But I think the
authors can do that at Newcastle without being far wrong. I
do not think Mr. Crompton can do it at Chelmsford without being
very far wrong indeed. The transformers are not the same in the
two places. Mr. Crompton has a considerable proportion, I
believe, of open-circuit transformers, in which there, is a large
magnetising current, and in which there is a great disparity
between the real watts supplied and the apparent watts supplied.
Any slight difference there may be between the real and
apparent watts at Newcastle is more than covered by the fact
that the meter losses have been treated in the way they have
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been in the paper. But the value of the paper is not affected by Mr Mordey.
this matter. The really important points of the number of units
sold (measured in ampere-hours, be it observed), and the coal
consumption, are not touched by it. It will be granted that the
units metered at the consumers' premises are at least 5 per cent,
less than the true units supplied. And as with this system the
secondary volts are sensibly constant, and as the secondary
circuits are non-inductive, the secondary watts recorded are for
practical calculations correct. And if we confine our attention to
the recorded secondary output, and to the cost of generation,
we get all that commercial requirements demand—namely, the
number of units sold, and the cost of those units.

Mr. Crompton appears to think that alternators are neces-
sarily not as efficient as direct-current dynamos. I do not
think there need be any difference, and, at any rate, the
question need not remain a matter of opinion. I will undertake
that the Brush Company shall put one of their alternators at the
Crystal Palace at the disposal of the Expert Committee or the
jury, and run it direct, not on transformers, but on a lot of incan-
descent lamps. We will run a 100-unit alternator direct on to
those lamps, arranged in series for that purpose, and Mr. Crompton
can run a 100-unit direct-current dynamo on the same lamps, and
we will see who can run the most lamps with a given power.
That test would put the matter at rest perfectly. It does not
involve anything of a doubtful or disputable kind. We have
merely to take the C.P. of the lamps and the number of them,
arranging them in series or parallel to suit the machine.

Although I am pretty confident that such a test would show that
an alternator is as good, or better than a direct-current dynamo, it
would not settle any large question as to the merits of the two,
for it seems to me that the conditions of this test are not the
conditions of practice. If Mr. Crompton had the lamps scattered
over two or three square miles of country, as at Newcastle, he
would have very much greater difficulty in supplying them than
the authors have had.

A point in the paper which is deserving of special notice is the
extremely small labour staff necessary to run the machinery. The
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Mr. Mordey authors say they have, for three 200-H.P. sets, only three working
men in the station—stoker, engine-driver, and assistant. That
speaks volumes for the character of the plant, and I think it will
be difficult to get a direct-current plant to give better results
than that. Reference is made to parallel working in the station.
Perhaps I might supplement what has been said by the
authors by stating that I think we are agreed that it would be an
advantage to run in parallel, and I should like to remove any
misunderstanding that may be felt as to why that method is not
at present in use. The alternators cannot be got out of step; the
failure is not due to the fact that they would not keep in step. I
would undertake to pull the coils out of the machine before they
would get out of step. But it is not found advisable to run with
the driving conditions they have there. The engines are satis-
factory in most respects, but are not even throughout the stroke.
Attempts have been made, by increasing the weight of the fly-
wheels, and by the use of spring pulleys, to improve them in this
respect, so that the present difference of speed between the periods
when the engines are taking steam and the periods when they are
going over the dead centres shall be reduced. At present there is
a difference of speed which necessitates transference of power from
one engine to the other through the dynamos, and a synchronising
current of a considerable amount is necessary. Of course there
cannot be two opinions as to the desirability of working a station
on the parallel plan, whether it is alternate or direct current.
The complication and trouble of switching circuits from one
machine to another is very objectionable, but still more objection-
able ffrom a dynamo designers point of view, at least) is the
sudden changing of load in this way. This sudden switching
over imposes a strain that should be avoided if possible.

And while on this question of parallel working, I should like
to say that although there has been a good deal of discussion
about it during the last two or three years, I would make no claim
whatever to have invented parallel working. I am very often
reproached with having claimed to have invented parallel working.
I never did anything of the kind, and I put formally and fully
before the Institution when I read a paper in 1889 what had been
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done previously. All alternators, as I then pointed out, have a Mr.
tendency to run in parallel, but the difference is this: To exert a
given synchronising effort one machine may require a greater
current than another. The whole thing may be set at rest on
that point by a simple test. Let any alternator be run up to
speed, thrown into synchronism, and run as a motor, idle. The
machine that will run best in parallel is the machine that will
run with the lowest current to so drive it as a motor. This does
not cover the whole ground, but it is enough ; I need not now
enlarge on it.

Earl EUSSELL : If I may be allowed to say one word on a Ear
subject not exactly connected with the subject of the paper, I do
not think Mr. Mordey must take advantage of the absence of Mr.
Swinburne to suggest that there is no magnetising current in a
closed-circuit transformer. I would rather suggest that the
magnetising current of an open-circuit, compared with a closed-
circuit transformer, is as 3 to 9 or 10.

Mr. MOEDEY : I do not want to occupy time by dwelling Mr Mowie
on the design of transformers now, as we have much more
important questions before us. In reply to Lord Russell I would
only say I have found—what is, I believe, generally admitted—
open-circuit transformers take from 25 to 35 per cent, magnetising
current. I am in the habit of designing transformers to work
with from 1 to 2 per cent.

Mr. W. B. ESSON : When discussing this point with Mr. Ml- Esson.
Swinburne last night, I understood him to say that the exciting
current required for the " hedgehog" open-circuit transformer
was approximately one-third of the full-load primary current,
and that in the ordinary commercial pattern of this transformer
the primary current at no load was about three times that of
the ordinary closed-circuit type. The point is important,
although perhaps not bearing directly on the present discussion.

Mr. E. T. CARTER : It appears to me that the discrepancy Mr. carter
mentioned by the authors of the paper, in connection with the
horse-power wasted in the station, may partly arise from the
manner in which the I.H.P. was measured. They have pointed
out a discrepancy between the efficiency obtained at their station
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Mr. carter, and the efficiency which Mr. Crompton has shown should be
expected at such a station. I think I am correct in saying that
the authors measured the I.H.P. by taking the area of the
indicator card down to the vacuum line. The losses due to back
pressure on the low-pressure piston were not deducted in esti-
mating the I.H.P., but were credited to the station losses. Of
course this would give too high a value both for the I.H.P. and
the station losses, and would make the efficiency of the station
appear too low. The authors were really unfair to themselves in
thus measuring the H.P. of their station and the losses occurring
in i t ; for had they adopted the usual practice in determining the
I.H.P., the efficiency of the station would have been a higher
figure. I think I am correct in saying that this method was
adopted, and that this deduction due to back pressure was
charged to the station losses ?

Mr. HEAVISIDE : That is correct.
Mr. CARTER : That would give too high a figure for the horse-

power, and you obtained a fallacious and, unfortunately, inferior
efficiency. This will partly account for the serious discrepancy
already mentioned.

Mr. Mr. JOHN KICHARDSON : With your kind permission, perhaps
Riohardson. J r •*• *•

I may be allowed to say two or three words, principally with
regard to the engine performance alluded to. The total loss
between the I.H.P. at the engine and the E.H.P. given out to
the customers has to be accounted for in some way. The authors
have quite honestly put down 27*5 per cent, to friction. Of
course that is an assumption. I should scarcely allow that so
much friction is expended in the engines, excepting that some-
times, and for a considerable time, they are working with very
low loads indeed. When the engines are working at their fair
power, the percentage of friction would not be more than 15 at
the outside. The low loads would also account for the 27 lbs. of
water. That quantity is the result of a very long test, taken over
12 months. If that test had been taken over a few hours when
the engines again were working at their maximum efficiency, it
would be nearer 17 lbs. per H.P. per hour than 27 lbs. One word
about the difference of speed. The engines are fitted with very
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sharp cut-off gear, and it was thought that there might be a Mr.
ir o i O O Richardson.

difference between the speed of the various parts of one revolution
of the engine. With a very elaborate electrical apparatus which
Mr. Heaviside placed at my disposal, I spent some hours trying
to find out what differences there were between one part and
another part of the revolution. I do not say that there is
absolutely no difference, but there was no difference that we could
detect with the electrical measurements then used. It might be
possible at some time to detect differences that were not detected
then. One word about the cheap superintendence. I think
perhaps the authors would say—I merely throw it out as a
suggestion—that there is even some margin for that skilled
superintendence which Mr. Oompton found is got for nothing.
But three men are in the station—two workmen only—and the
whole of the machinery, it is fair to say, works with so little
trouble that highly skilled and highly paid men are not needed.
Just ordinary mechanics, at comparatively low wages, very soon
attain the necessary knowledge to manage such very simple
machinery, aud thus there is a considerable margin left for that
skilled attendance that lies so near the heart of Mr. Crompton.

Mr. A. W. HEAVISIDE : In reply to Mr. Crompton's remarks, Mr.
we do not think that for commercial purposes the method of
measuring the output of the station is objectionable where closed-
circuit transformers are used. What error there may be is not
material, as the coal consumption and the units sold are the main
points to observe; but whatever it is, it will be balanced by the
tendency the staff have to over-read rather than under-read the
ammeters. For a long time during a 24 hours1 run, the four
ammeters each on a separate circuit read very low down upon the
scale, and there is room for guess-work. But it would be inter-
esting to learn from Mr. Crompton what he supposes the per-
centage of error to be. Mr. Crompton, in stating that 10 per
cent, of the total power generated was absorbed in meter losses,
gave the alternating-current advocates a powerful argument
against himself, as this loss was included in the 25 per cent,
difference between the station units and the units sold.

As regards the magnetising current and line losses, roughly




